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Stable Isotopes
· Organisms take on the ratio of heavy-to-light isotopes of the material they eat.
· Ratios are incorporated into the tissues of the organisms, providing a time-integrated measure of
 trophic relationships.
· Nitrogen ratios become enriched by 3-4‰ between prey and predator tissues, making them
 useful for determining trophic levels.
· Carbon is not substantially enriched with increasing trophic levels.  It is used to indicate the
 contributions of different food sources with distinct isotopic signatures.

Calculations
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�G��C for dissolved inorganic carbon (DIC) was calculated from the mass and �G��values of dissolved 
organic carbon (DOC) and total dissolved carbon (TDC):

CDIC*�GDIC��� ���&TDC*�GTDC – CDOC*�GDOC
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Results
o Dissolved organic and inorganic carbon
 · There is a substantial amount of CaCO3 suspended in the water column.
 · With a �G  C of 8.5‰, it strongly influences the stable isotope ratio of all unacidified samples.
o Sediments
 · Enriched �G  C compared to the zooplankton and mussels.
o Phytoplankton
 · Phytoplankton have a slightly depleted �G  C compared to the �G  CDOC.  This indicates that the DOC
  is probably a result of phytoplankton photosynthesis.
o Zooplankton
 · Copepods
  - Enriched nitrogen �G  C value suggests the presence of predatory copepods.
  - They are in direct competition with cladocerans and mussels for resources.
 · Cladocerans
  - Evidence for direct competition with both quagga pediveligers and adults.

o Veligers
 · They have out-competed native
  zooplankton species.
  - 98% of all zooplankton are veligers
  - 82% are D-shaped, indicating a
   spawning population.
 · D-shaped veligers have the same �G values
  as phytoplankton for both carbon
  and nitrogen.
 · As veliger size increased, the �G  N of the
  mussels was enriched.

 · There is no fractionation of nitrogen or carbon between pediveligers and adult mussels,
  indicating that the physiology and metabolic processes are very similar.
 · The veligers processed whole were greatly enriched compared to the acidified veliger tissues,
  indicating the �G  C of the CaCO3 shell is roughly -15‰.
o Mussels
 · Adult quaggas do not statistically differ from cladocerans and copepods in their �G  C.
 · The �G  N for mussels has been previously found to be significantly lower than that of
  zooplankton (Garton and Payne, 2005).
o Fish
 · All three fish species are   C enriched.  The data collected does not provide an explanation.
 · There is likely a contribution from benthic inveretebrates.
 · The bass species are   N enriched compared to the bluegill, suggesting that they are at a
  higher trophic level.

Family & Genus % Of zooplankton community Individuals/L 

Cladocerans 1.11% 0.384 
Daphniidae 0.83%  
Bosmina 0.21%  

Copepods 1.53% 0.531 
Cyclopoid 0.28%  
Calanoid 0.57%  
Harpacticoid 0.17%  
Nauplii 0.51%  

Quagga velig ers 97.37% 33.824 
Pediveligers 4.30% 1.495 
Umbonal 11.16% 3.875 
D-shaped 81.91% 28.454 
 

http://www.mwdh2o.com/Aqueduct/article_03_01.html

Background and Objective
· The Colorado River Aqueduct (CRA) is one of the primary sources of drinking water in
 southern California 
· Owned and operated by the Metropolitan Water District.
· Quagga mussels (Dreissena bugensis) found in all CRA reservoirs in 2008. 
· They colonize water intake structures (e.g. pipes and screens), clogging water flow.

Our objective is to examine the trophic structure of an invaded reservoir, and to determine
how the quagga mussels have affected it.

http://cisr.ucr.edu/quagga_zebra_mussels.html

Study Site: Copper Basin Reservoir
· 12 mi from Lake Havasu, CA.  It is the second reservoir on the CRA.
· Stratified during the summer, with a thermocline near 30 m.
· Bathymetry

· Chemistry

 *hydrolab readings taken at Site 1 in late summer, 2008

· Oligotrophic lake; simple trophic structure.
· Most fish are small foragers (2-3 cm); they congregate
 in the top 15 m and at the thermocline.
· Heavily infested with quaggas mussels.

Method
o Sediments: Four sample sites were selected along a transect of the reservoir (sites A, B, C, and D).
o Three fish species were caught by line, and their dorsal muscle processed: Bluegill (Lepomis
 macrochirus), Largemouth bass (Micropterus salmoides), Smallmouth bass
 (Micropterus dolomieui)
o Adult mussels were collected from the wall of Copper Basin.
o All other samples collected from three sites on June 17, 2009 and preserved by freezing.
o Zooplankton and veligers were collected in three tows at each site with a 64-µm plankton net.
 · Copepod and Cladoceran family and/or genus identified using a Nikon SMZ stereomicroscope.
 · Veligers were identified and handpicked under a Nikon E600 compound microscope with a
  cross-polarized filter.
�� �Â�� �9�H�O�L�J�H�U�V���Z�H�U�H���G�L�Y�L�G�H�G���L�Q�W�R���W�K�U�H�H���V�L�]�H���F�O�D�V�V�H�V�����S�H�G�L�Y�H�O�L�J�H�U�����!�����������P�������X�P�E�R�Q�D�O�����������������������P�����D�Q�G
�� �� �'���V�K�D�S�H�G���������������������P����
o 4 L of whole water were passed through a 55 µm mesh, then run through a 25 mm GF/F filter to
 capture phytoplankton, bacteria and suspended particles.
o All samples, except the fish and adult mussels, were exposed to hydrochloric acid vapors to remove
 the inorganic carbon.
o Isotope analysis was by continuous-flow isotope ratio mass spectrometry on a Thermo Delta V mass
 spectrometer interfaced with an elemental analyzer inlet.

Chlorophyll a 5 �Pg/L 
DOC 3.2 mg/L 
Ca2+ 76 mg/L 
Alkalinity 137 mg/L 
Soluble reactive phosphorus 4.2 �Pg/L 
Average summer temperature*  26°C (in epilimnion) 

 

 

Depth 17. m 
Surface Area 425 acres 
Volume 24,370 acre-ft 
Retention time 6.8 days 
Secchi depth 8.6 m  

 

Site 3

Site 1

Site 2

Site A   Site B

Site C

Site D IsoSource Diet Modeling
· A computer program, IsoSource, was used to estimate the diet composition of members of the
 trophic web (available at http://www.epa.gov/wed/pages/models.htm).
· The program uses the isotopic signatures of the possible sources and the mixture of the to calculate the
 feasible dietary composition.
 · Potential sources selected based upon particle size

 (<1-2 mm)
· IsoSource results suggest that the diet of adult mussels
 consists largely of copepods, with decreasing
 contributions from cladocerans, veligers, resuspended
 sediments and phytoplankton.
· Indicates some predation of own offspring
· The apparent deviation arises from the variation
 between all possible diet combinations.
· IsoSource was not able to calculate feasible diet
 combinations for any of the fish, based upon available
 isotopic data.
· Benthic invertebrates, macrophytes and attached
 algae will be included in future analyses.

Conclusions
· Quagga mussels are competeing directly with native zooplankton for resources in both their
 larval (planktonic) and adult forms.
· Isotope ratios for all three fish species were   C enriched.  It is possible that they are eating unsampled
 benthos(�G  C of -20‰), or that they are using inorganic carbon ingested with veligers.

Future Study
· �G  N enrichment of veligers occurs as they increase with size.  This change is yet unexplained.
· Develop IsoSource predictions of diet combinations for the fish of Copper Basin.
· Examine the stomachs of Copper Basin fish to see if mussel or veliger shells are present.
· Compare the Copper Basin isotope ratios and Isosource predictions with those of Diamond Valley
 Lake, an uninvaded reservoir in southern California.

Funding provided by Metropolitan Water District.

Reference: Garton DW, Payne CD, Montoya JP. Canadian Journal of Fisheries and Aquatic Sciences. Flexible diet and trophic position of dreissenid mussels 
as inferred from stable isotopes of carbon and nitrogen. 62: 1119–1129 (2005).
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